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POLYBOJCON PILLAR BDBAT SINKS FOR SEMICONDUCTOR ON 

INSULATOR CIRCUITS 

TonlininilFirfil 

This inyention relates to the creation of heat sinks for semiconductor 
6 on insulator (SOI) circuits using polysilicon pillars. 

Recent improvements in bonded wafer semiconductor on insulator 
(SOD technology makes it feasible to use SOI material in lower cost 
applications. fnir aynmplA^ T^iirn Petera. SOI Takes Over Where 

10 Silicon Leaves Offl Semiconductor International, March 1993, pp. 48-51; or, 
H. H. Hosack, Recent Progniflg in SOI Materials For the Next Generation of 
in Technology, 7%e Electrochemical Society Interface, Spring 1993, pp. 51- 
67. Bonded wafers for SOI processes are available, for example, from 
Hughes Danbury Optical Systems, Inc. Precision Materials Operations, 

15 having a business address of 100 Wooster Heights Koad, Danbuiy, 
Comiecticut 06810-7589. 

SOI material ofiTers performance advantages over bulk 
complementary metal on silicon (CMOS) technology due to lower parasitic 
capacitances. However, the isolation feature which improves performance 

20 also has disadvantages. The oxide isolation effectively insulates the 
transistors, reducing the heat dissipation. This can reduce the 
performance and reliabilify of hi^ corrrait components such as 
input/oulput (J/O) drivers and dock drivers. 

25 DiackiRnrerfthelnvmtion 

In accordance with the preferred embodiment of the present 
invention, the formation of a heat sink on a bonded semiconductor on 
insulator (SOI) wafer is presented. A trench is formed which extends from 
a top of the bonded SOI wafer through an isolation region of the bonded SOI 
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wafer to a base of the bonded SOI wafer. The base of the bonded SOI wafer is 
located below the isolation region of the bonded SOI wafer. A conductive 
pillar is formed in the trench. The conductive pillar extends firom the top of 
the bonded SOI wafer through the isolation region of the bonded SOI wafer 

5 and is physically in contact with but electrically insulated firom the base of 
the bonded SOI wafer. 

In the preferred embodiment of the present invention, the conductive 
pillar is formed of doped polysiUcon. The doped polysilicon is of a 
conductivity t^e which is different than the conductivity type of the base. 

ID Out-diffusion firom the doped pol]rsilicon forms a region within the base 
whidi electrically insulates the conductive pillar horn the base. 

Use of conductive pillars in accordance with the preferred 
embodiment of the present invention allows for an improvement in the heat 
dissipation capabilities of high current devices built on bonded SOI wafers. 

15 This results in improved performance and reliability. 



Brief Description of the Drawingis 
Figure 1, Figure 2, Figure 3» Figure 4 and Figure 5 show processing 
steps to produce a semiconductor on insulator (SOI) device which utilizes a 
2D polysilicon heat sink in accordance with the preferred embodiment of the 
present invention. 

Figure 6 shows a semiconductor on insulator (SOI) device which 
utilizes a polysilicon heat sink in accordance with another preferred 
embodiment of the present invention 

25 

In Figure 1, a bonded wafer is shown to include a silicon base wafer 
10 of a first conductivity type, an isolation oxide region 11 and a silicon layer 
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12. ThesiUconbasewafer lOandsiUconlayer 12arebothof afi^ 
conductivily type. For example, the first conductivity type is p-type. 
« A standard process flow may be used up to the point in the process 

shown in Figure 1. For example, a local oxidation of silicon (LOCOS) 

6 process or other process is used to form an insulating layer of, for example, 
field oxide on the wafer. For example, in a LOCOS process, a layer of pad 
oxide is thermally grown. On top of the pad oxide, a layer of nitride is 
deposited. The nitride is patterned and etched. Field oxide is grown on the 
wafi^ at places w^ere the nitride has been etdied to expose silicon layer 12. 

10 The nitride and pad oxide are then removed. 

After the insulating layer is formed, a layer of gate oxide is placed (i.e. 
grovm or deposited) on exposed portions of silicon layer 12. A gate 15 is 
formed on the gate oxide layer using a deposited layer followed by a mask 
and etch process. Gate 15 may be made of polysilicon, for example, doped 

15 with n-type atoms at 10"^ atoms per cubic centimeter. The n-lype atoms 
may be, for example. Phosphorus or Arsenic. Alternate to forming gate 15 
entirely of jiolsrsilicon, a polycide may be used. The polydde gate may be 
formed as follows. A layer of polysilicon is deposited over the layer of gate 
oxide. For example, the deposition may be a chemical vapor deposition 

2D (CVD). The polysilicon is doped using POCI3. Alternately, an implant of 
Phosphorus or Arsenic atoms may be used. A metal layer is deposited on 
top of the polysilicon layer. A rapid thennal anneal (or other annealing 
procesis) is used to react the metal layer with the polysilicon layer. The 
metal-silicide layer may be formed, for example, using Titanium (Ti), 

25 Molybdenum (Mo), Chromium (Cr), Nickel (Ni), Platinum (Pt), Cobalt (Co), 
Tungsten (W) or Tantalum (Ta). 

On the either dde of gate 15 are implanted regions 14 of second 
conductivity lype. For example, the second conductivity type is n-type. 
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Regions 14 acts as lightly doped drain (LDD) and source regions for a 
transistor. For example, regions 14 are n' regions doped with Phosphorus 
at lO^B atoms per cubic centimeter. Regions 14 ^ctend 0.1 microns below the • 
sur&ce of silicon layer 12. A spacer oxide region 13 is then deposited to a 
5 thickness of, for example, 3000 Angstroms. 

At this point trenches are formed in which polysilicon pillars will be 
formed. For example, as shown in Figure 2, a photoresist mask 16 is 
formed over spacer oxide region 13. A trench 19 is formed by reactive ion 
etching (RIE) through spacer oxide region 13, siUcon layer 12 and isolation 

10 oxide 11 to expose silicon base wafer 10. 

As shown in Figure 3, a layer 22 of, for example, polysilicon is 
deposited. Layer 22 will be used to form polysilicon pillars. The thickness of 
layer 22 should be at least half the mimTnnm width of the Irench to assure 
the trench is completely filled. Layer 22 is doped in-situ during deposition, 

15 for example, using Phosphorus at a concentration of 10^. OutdifiEusion 
fi:tmL layer 22 will result in formation of junction region 23 which serves to 
electrically isolate the polysiUcon pillar firom silicon base wafer 10. 

Blanket RTE or dry anisotropic etches are used to remove the excess 
polysilicon layer 22 and the excess portion of spacer oxide 13. The result is 

2D shown in Figure 4. h[i Figure 4, a spacer 31 and a spacer 32 are formed on 
either side of gate 15. Spacer 31 and spacer 32 each extend approximately 0.2 
micrometers out finom the bottom of gate 15. Figure 4 additionally shows an 
isolation region 24 remaining after the blanket etches. 

The processing steps for formii^ the polysilicon pillar heat sink are 

25 complete. The remainder of the process steps &llow a standard CMOS 

process flow. For example, source/drain regions are completed by • 
implanting dopant of first conductivity type, e.g., n-type. The implants may 
be performed, for example, using n-type atoms to form n*^ regions having 
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concentration of 10^^ atoms per cubic centimeter. For example, Figure 5 
shows an n"^ regions 44 formed on either side of gate 15. After the 
additional processing is complete, a layer 41 of, for example, silicon dioxide 
is placed over the circuit, as shown in Figure 5. Layer 41 is etched to allow 

5 the deposition of a metal layer 48 in connection with source/drain regions 44 
and gate regions 15 of the transistor. A final insulating layer 49 is typically 
placed over metal layer 48, as is imderstood in the art. 

Figures 1 through 5 have described use of the present invention in 
conjunction with the formation of an n-channel metal oxide semiconductor 

10 field effect transistor (MOSFET). As will be well understood by those skilled 
in the art, various embodiments of the inresent invention can be used in 
com'unction with other drcuifry. For example, Figture 6 shows use of the 
present invention used in coiqunction with the formation of a p-channel 
MOSFET. 

15 In Figure 6, a bonded wafer is shown to include a silicon base wafer 

50, a isolation oxide region 51 and a silicon layer 52. In this case, siUcon 
base wafer 50 is of p-conductivity lype and silicon layer 52 is of n- 
conductivity iTpe. As described above, the standard process flow may be 
used. For example, a local oxidation of sOioon (IX)COS) process or other 

2D process is used to form an insulating layer of, for example, field oxide on tiie 
wafer. After the insulating layer is formed, a layer of gate oxide is placed 
(i.e. grown or deposited) on exposed portions of the wafer. A gate 55 is 
formed on the gate oxide layer using a deposited layer followed by a mask 
and etch process. Gate 55maybemade of polysiliconorpolycide. On either 

25 side of gate 55 are implanted regions 54. For example, regions 54 are p* 
regions doped with Boron at 10^^ atoms per cubic centimeter. Regions 54 
extend 0.1 microns below the surface of the substrate. A spacer oxide region 
is then deposited. 
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At this point trenches are formed in which polysilicon pillars will be 
formed. A layer 62 of polysilicon is deposited. Layer 62 will be used to form 
polysilicon pillars. Layer 62 is doped in-situ during deposition, for example, ^ 
using Phosphorus at a concentration of 10^^. Out diffusion from layer 62 
6 will result in formation of junction region 63 which serves to electrically 
isolate the polysilicon pillar firom silicon base wafer 50. 

Blanket etches are used to remove the excess polysilicon layer 62 and 
the excess portion of the spacer oxide. Next, p"^ difllPused or implanted 
regions 84 form the source/drain regions on either side of gate 55. The 

10 implants may be performed, for example, using p-type atoms to form p**" 
regions having concentration of 10^^ atoms per cubic centimeter. After the 
additional processing is complete, a layer 81 of, for example, silicon dioxide 
is placed over the circuit, as shown in Figure 6. Layer 81 is etched to allow 
the deposition of a metal layer 88 in connection with source/drain regions 84 

16 and gate regions 55 of the transistor. A final insulating layer 89 is typically 
placed over metal layer 88, as is understood in the art. 

The foregoing discussion discloses and describes merely exemplary 
methods and embodiments of the present invention. As will be understood 
by those familiar with the art, the invention may be embodied in other 

2D specific fi>rms without departing firom the spirit or essential characteristics 
thereof. Accordingly, the disclosure of the present invention is intended to 
be illustrative, but not limiting, of the scope of the invention, which is set 
forth in the following claims. 
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I Claim: 

1. In an integrated circuit, a heat sink comprising: 
a conductive pillar (22) which extends from a top of a bonded 
5 semiconductor on insulator (SOI) wafer through an isolation region (11) of 
the bonded SOI wafer and is in idiysical contact with a base (10) of the 
bonded SOI wafer» the base (10) of the bonded SOI wafer being located below 
the isolation region (11) of the bonded SOI wafer. 

ID 2. A heat sink as in daim 1 wherein the conductive pillar (22) 

comprises doped poljnsdlicon, doping for the polsrsilicon outrdifiPixsing from 
the polysilicon into the base (10)» tiiereby electrically ingiilafing the 
conductive piUar (22) from the base (10). 



16 3. A method as in daim 2 ii(dierein the doped polysilicon is of a 

conductivily type whidi is different than the conductivity type of the base 
(10). 

4. A method for constructing a heat sink on a bonded semiconductor 
2D on insulator (SOI) wafer, the method comprising the steps of: 

(a) forming a trench (19) which extends from a top of the bonded SOI 
wafer through an isolation region (11) of the bonded SOI wafer to a base (10) 
of the bonded SOI wafer, the base (10) of the bonded SOI wafer being located 
below the isolation region (11) of the bonded SOI wafei^ and, 
25 (b) forming a conductive pillar (22) in the trench (19), the conductive 

pillar (22) extending frnm the top of the bonded SOI wafer through the 
isolation region (11) of the bonded SOI wafer and is physically in contact 
with the base (10) of the bonded SOI wafer. 
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5. A method as in daim 4 wherein step (b) includes forming the 
conductive pillar (22) from doped polysilicon, doping for the poljrsilicon out- 
diffusing from the polysiUcon into the base (10), thereby forming a region 

5 (23) within the base (10) which electrically insulates the conductive pillar 
(22) from the base (10). 

6. A method as in daim 5 wherein in step (b) the doped polysiUcon is 
of a conductivity type which is different than the conductivity type of the base 

10 (10). 

7. A heat sink formed on a bonded semiconductor on insulator (SOD 
wafer, the heat sink comprising: 

conductive material in a trench (19), the trendi (19) extending from a 
15 top of the bonded SOI wafer throu^ an isolation region (11) of the bonded 
SOI wafer to a base (10) of the bonded SOI wafer, the base (10) of the bonded 
SOI wafer being located below the isolation region (11) of the bonded SOI 
wafer wherein the conductive material extends from the top of the bonded 
SOI wafer through the isolation region (11) of the bonded SOI wafer and is in 
20 physical contact with but is electrically isolated firom the base (10) of the 
bonded SOI wafer. 

8. A heat sink as in daim 7 wherein the conductive pillar (22) 
comprises doped polysiUcon, doping for the polysiHcon outrdiffusing from 

25 the polysiUcon into the base (10), thereby electricaUy insulating the 
conductive pillar (22) from the base (10). 
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9. A method as in daim 8 wherein the doped polysilicon is of a 
conductivity type which is different than Ihe conductivity l^pe of the base 
(10). 
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